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INORGANIC LAYER STRUCTURE IN
BENDING AREA OF DISPLAY DEVICE AND
METHOD OF PROVIDING THE SAME

This application claims priority to Korean Patent Appli-
cation No. 10-2020-0080570 filed on Jun. 30, 2020, and all

the benefits accruing therefrom under 35 U.S.C. § 119, the
content of which 1s incorporated by reference for all pur-

poses as 1f fully set forth herein.

BACKGROUND

1. Field

Embodiments relate to a display device. More particu-
larly, embodiments relate to a display device including a
bending area and a method of providing the display device.

2. Description of the Related Art

An organic light-emitting display device self-emits light
without a separate light source. The organic light-emitting,
display device has reduced weight and thickness and has
characteristics appropriate for a display device.

A display panel of the organic light-emitting display
device may include a flexible base substrate including or
formed from a polymeric material.

SUMMARY

Embodiments provide a method for providing or manu-
facturing display device which reduces the number of etch-
ing masks.

Embodiments provide a display device including a bend-
Ing area.

According to an embodiment, a method for providing or
manufacturing a display device 1s provided. According to
the method, a first morganic layer 1s provided on a base
substrate including a pixel area and a bending area. A second
inorganic layer 1s provided on the first mnorganic layer. An
active pattern 1s provided on the second 1norganic layer in
the pixel area. A third 1norganic layer 1s provided to cover
the active pattern. A first gate metal pattern including a gate
clectrode 1s provided on the third 1norganic layer. The gate
clectrode overlaps the active pattern. A fourth norganic
layer 1s provided to cover the first gate metal pattern. A
second gate metal pattern 1s provided on the fourth mnorganic
layer 1n the pixel area. A fifth inorganic layer 1s provided to
cover the second gate metal pattern. A first photoresist
pattern 1s provided on the fifth morganic layer. At least one
of the inorganic layers 1s etched under the first opening of the
first photoresist pattern in the bending area. The first pho-
toresist pattern 1s partially removed to form a remaining
photoresist pattern including a first opeming overlapping the
bending area and a second opening overlapping a portion of
the active pattern. At least one of the inorganic layers are
etched under the first opening and the second opening of the
remaining photoresist pattern to form a first contact hole
exposing the active pattern and to expose at least a portion
of the base substrate 1n the bending area.

In an embodiment, the first to fifth morganic layers may
each 1nclude at least one of silicon oxide, silicon nitride and
silicon oxynitride.

In an embodiment, etching the mmorganic layers under the
first opening of the first photoresist pattern may remove at
least the fifth inorganic layer, the fourth inorganic layer and
the third 1norganic layer.

10

15

20

25

30

35

40

45

50

55

60

65

2

In an embodiment, etching the inorganic layers under the
first opening of the first photoresist pattern may remove at
least the fifth inorganic layer, the fourth inorganic layer, the
third morganic layer and a portion of the second 1norganic
layer.

In an embodiment, a sum of thicknesses of the inorganic
layers etched under the first opening of the first photoresist
pattern may be larger than a sum of thicknesses of the
inorganic layers etched under the first opening of the remain-
ing photoresist pattern.

In an embodiment, a first source metal pattern may be
provided on the fifth morganic layer. The first source metal
pattern may include a source pattern and a transfer wiring.
The source pattern may electrically contact the active pattern
through the first contact hole. The transfer wiring may be in
the bending area.

In an embodiment, the active pattern may include poly-
silicon.

According to an embodiment, a method for providing or
manufacturing a display device 1s provided. According to
the method, a first morganic layer 1s provided on a base
substrate including a pixel area and a bending area. A second
inorganic layer 1s provided on the first inorganic layer. A first
active pattern 1s provided on the second inorganic layer in
the pixel area. A third morganic layer i1s provided to cover
the first active pattern. A first gate metal pattern including a
gate electrode 1s provided on the third 1norganic layer. The
gate electrode overlaps the first active pattern. A fourth
inorganic layer i1s provided to cover the first gate metal
pattern. A second gate metal pattern 1s provided on the fourth
inorganic layer in the pixel area. A fifth inorganic layer 1s
provided to cover the second gate metal pattern. A second
active pattern 1s provided on the {fifth 1norganic layer 1n the
pixel area. A sixth mnorganic layer 1s provided to cover the
second active pattern. A third gate metal pattern including a
second gate electrode 1s provided on the sixth inorganic
layer. The second gate electrode overlaps the second active
pattern. A seventh 1norganic layer 1s provided to cover the
third gate metal pattern. A first photoresist pattern 1s pro-
vided on the seventh inorganic layer. At least one of the
inorganic layers 1s etched under the first opening and the
second opening of the first photoresist pattern. The first
photoresist pattern 1s partially removed to form a remaining
photoresist pattern including a first opening overlapping the
bending area, a second opening overlapping a portion of the
first active pattern, and a third opening overlapping a portion
of the second active pattern. At least one of the 1norganic
layers are etched under the first opeming, the second opening
and the third opening of the remaining photoresist pattern to
form a first contact hole exposing the active pattern and a
second contact hole exposing the second active pattern.

According to an embodiment, a display device includes a
base substrate including a pixel area and a bending area, a
barrier layer on the base substrate, an active pattern on the
barrier layer in the pixel area, a first mnsulation layer cov-
ering the active pattern, a first gate metal pattern on the first
insulation layer and including a gate electrode overlapping
the active pattern, a second 1nsulation layer covering the first
gate metal pattern, a second gate metal pattern on the second
insulation layer in the pixel area, a third insulation layer
covering the second gate metal pattern, a source metal
pattern on the third isulation layer, a via msulation layer on
the source metal pattern, and an organic light-emitting diode
on the via insulation layer. An morganic layer 1s excluded 1n
the bending area. Side surfaces of mnorganic layers which are
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vertically stacked are connected to each other at a boundary
of the bending area thereby providing a straightly extending
side surface.

According to embodiments, inorganic layers in a pixel
area and 1n a bending area may be removed through a same
photolithography process. Thus, an additional photolithog-
raphy process for individually etching the inorganic layers in
the bending area may be removed.

Furthermore, since a stacked structure of the inorganic
layers may have a straightly extending side surface at a
boundary between the bending area and an area adjacent to
the bending area without a protrusion protruding in a lateral
direction, a size of a peripheral area (e.g., a non-display area)
may be substantially reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be more clearly understood from the
tollowing detailed description taken 1n conjunction with the
accompanying drawings.

FIG. 1 1s a cross-sectional view illustrating an embodi-
ment of a display device.

FIG. 2 1s a plan view 1llustrating an embodiment of a
display device.

FIGS. 3A, 3B, 4, 5A, 5B, 6A, 6B, 7A, 7B, 8A, 8B and 8C
are cross-sectional views illustrating an embodiment of a

method for providing or manufacturing a display device.
FIGS.9A,9B,10A,10B, 11A, 11B, 12A, 12B, 13A, 13B,

14A, 14B, 14C, 15A and 15B are cross-sectional views

illustrating an embodiment of a method for providing or
manufacturing a display device.

DETAILED DESCRIPTION

The mmvention now will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
various embodiments are shown. This invention may, how-
ever, be embodied in many different forms, and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the imnvention to those skilled in the art. Like
reference numerals refer to like elements throughout.

It will be understood that when an element 1s referred to
as being related to another element such as being “on”
another element, 1t can be directly on the other element or
intervening elements may be present therebetween. In con-
trast, when an eclement 1s referred to as being related to
another element such as being “directly on” another element,
there are no intervening elements present.

It will be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, “a first element,” “component,” “region,”
“layer” or “section” discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings herein.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting. As used herein, “a”, “an,” “the,” and “at least one”
do not denote a limitation of quantity, and are mtended to
include both the singular and plural, unless the context

clearly indicates otherwise. For example, “an element™ has
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the same meaning as “‘at least one element,” unless the
context clearly indicates otherwise. “At least one” 1s not to

be construed as limiting “a” or “an.” “Or” means “and/or.”

As used herein, the term “and/or’ includes any and all
combinations of one or more of the associated listed 1tems.
It will be further understood that the terms “comprises”
and/or “comprising,” or “includes™ and/or “including”™ when
used 1n this specification, specily the presence of stated
features, regions, itegers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as illustrated 1n the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device in addition
to the orientation depicted 1n the Figures. For example, 11 the
device 1 one of the figures 1s turned over, elements
described as being on the “lower” side of other elements
would then be oriented on “‘upper” sides of the other
clements. The term “lower,” can therefore, encompasses
both an orientation of “lower” and “upper,” depending on
the particular orientation of the figure. Similarly, 1t the
device 1 one of the figures 1s turned over, elements
described as “below™ or “beneath” other elements would
then be oriented “above” the other elements. The terms
“below”™ or “beneath” can, therefore, encompass both an
orientation of above and below.

“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10% or 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

Embodiments are described herein with reference to cross
section 1llustrations that are schematic illustrations of 1de-
alized embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments described herein should not be construed as
limited to the particular shapes of regions as illustrated
herein but are to include deviations 1n shapes that result, for
example, from manufacturing. For example, a region 1llus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illus-
trated may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

A display device 100 may be designed to include a
bending area BA at which the display device 100 1s bend-
able. An morganic layer may be omitted in the bending area
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BA to reduce or eflectively prevent cracking of the inorganic
layer due to a bending stress applied to the bending area BA.
A display device 100 and a method of providing or
manufacturing a display device 100 will be described here-
inafter with reference to the accompanying drawings.

FIG. 1 1s a cross-sectional view illustrating an embodi-
ment of a display device 100. FIG. 1 may illustrate the
display device 100 which includes a bending areca BA and a
connection area CA and 1s folded or bent. FIG. 2 1s a plan
view 1llustrating an embodiment of a display device 100.
FIG. 2 may illustrate the display device 100 which includes
a bending arca BA and a connection area CA 1n a plan view
and 1s unfolded.

Referring to FIGS. 1 and 2, a display device 100 includes
a display area DA and a peripheral area PA which 1s adjacent
to the display area DA. The display area DA may include a
pixel or pixel area PX provided in plural including a
plurality of pixel areas PX. In an embodiment, a light-
emitting element and a driving element which 1s electrically
connected to the light-emitting element may be disposed 1n
cach of the pixel areas PX. In a plan view, the peripheral area
PA may surround at least a portion of the display area DA.

The display device 100 may further include a bending
area BA and a connection area CA. The bending area BA
may extend from a side of the peripheral area PA. The
bending area BA may be a planar area of the display device
100 at which the display device 100 and various layers
thereotf are bendable. Referring to FIG. 1, the display device
100 which 1s bent may bend the bending areca BA down-
wardly along a thickness direction of the display device 100.
The connection areca CA may extend from the bending area
BA and 1n a direction away from the display are DA. The
peripheral area PA (e.g., non-display area) may include the
connection area CA and the bending areca BA, without being
limited thereto. Various layers and elements 1n a final form
of the display device 100 or 1n an intermediate structure for
providing the display device 100 may include a display area
DA, a peripheral areca PA, a bending area BA and/or a
connection area CA corresponding to those described above
for the display device 100.

Referring to FIG. 1, the display device 100 which 1s bent
at the bending area BA disposes the connection area CA
under the display area DA and/or the peripheral area PA.
Referring to FIG. 2, the display device 100 which 1s
unfolded disposes the bending area BA between the display
area DA and the connection areca CA. The bending area BA
may connect the connection area CA to the peripheral area
PA and/or the display area DA.

The display device 100 may be electrically connected to
a driving device, at the connection area CA. A connection
pad PD may be provided in plural including a plurality of
connection pads PD in the connection area CA. The con-
nection pads PD may receive a driving signal or a power
voltage from outside the display device 100. The connection
pads PD may receive a driving signal or a power voltage
from the driving device which 1s outside the display device
100.

The display device 100 may include a transter wiring TL
provided 1n plural including transier wirings TL. The trans-
fer wirings TL may be 1n the bending area BA and may
extend from the bending area BA to the connection area CA,
the peripheral areca PA and/or the display area DA. The
connection pads PD may be electrically connected to the
transier wirings TL disposed in the bending area BA and the
peripheral area PA. The transier wirings TL may transfer a
driving signal or a power voltage to the pixel areas PX 1n the
display area DA. In an embodiment, the method may include
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providing a transfer wiring TL through which an electrical
signal 1s provided to the pixel area PX from outside the
bending area BA. Furthermore, the transier wirings TL may
transfer a driving signal to a driving circuit disposed 1n the
peripheral area PA. In an embodiment, for example, the
transier wirings TL may extend along a first direction DR1
in the bending arca BA. The transfer wirings TL may be
arranged along a second direction DR2 which crosses the
first direction DR1. A thickness direction may be defined
along a third direction which crosses each of the first
direction DR1 and the second direction DR2.

FIGS. 3A, 3B, 4, 5A,58, 6A, 6B, 7A, 7B, 8A, 8B and 8C
are cross-sectional views illustrating an embodiment of a
method for providing or manufacturing a display device
100. FIGS. 3A, 5A, 6A, 7TA and 8A may 1illustrate an
enlarged cross-sectional view of an embodiment of a pixel
area PX of a display device 100. FIGS. 3B, 4, 5B, 6B, 7B,

8B and 8C may illustrate an enlarged cross-sectional view of

an embodiment of a bending area BA of a display device
100.

Referring to FIGS. 3A and 3B, a barrier layer 112 and a
bufler layer 114 are provided or formed on a base substrate
110.

The base substrate 110 may include at least one polymer
film. The polymer film may include polyethylene terephtha-
late, polyethylene naphthalate, polyether ketone, polycar-
bonate, polyarylate, polyether sulfone, polyimide or a com-
bination thereof. In an embodiment, for example, the base
substrate 110 may include at least two polymer films and an
inorganic barrier layer which 1s disposed therebetween.

The barrier layer 112 and the bufler layer 114 may include
an 1norganic material (e.g., morganic barrier layer and
inorganic bufler layer). In an embodiment, for example, the
barrier layer 112 and the bufler layer 114 may each include
silicon oxide, silicon nitride, silicon oxynitride or a combi-
nation thereof, and may have a single-layered structure or a
multi-layered structure. In an embodiment, the barrier layer
112 may include silicon oxide, and the bufler layer 114 may
have a stacked structure including a lower layer including
silicon nitride and an upper layer including silicon oxide.

An active pattern AP and a first insulation layer 120 which
covers the active pattern AP are provided or formed on the
bufler layer 114. A first gate metal pattern including a first
gate electrode GF1 and a second gate electrode GE2 1is
provided or formed on the first insulation layer 120. The first
gate electrode GE1 and the second gate electrode GE2 may
be 1n a same layer among layers on the base substrate 110.
As being 1n a same layer, elements or features may be
respective patterns ol a same material layer. Related to the
first gate metal pattern, for example, the first gate electrode
GE1 and the second gate electrode GE2 may be respective
portions ol a same first gate metal layer.

In an embodiment, for example, the active pattern AP may
include multi-crystalline silicon (polysilicon). In an embodi-
ment, for example, an amorphous silicon layer may be
provided or formed on the bufler layer 114 and then crys-
tallized to provide or form a polysilicon layer.

In an embodiment, for example, the amorphous silicon
layer may be provided or formed through sputtering, low-
pressure chemical vapor deposition (“LPCVD”), plasma-
enhanced chemical vapor deposition (“PECVD”) or the like.
The amorphous silicon layer may be crystallized through
excimer laser annealing (“ELA”), sequential lateral solidi-
fication (“SLS”) or the like.

The polysilicon layer may be patterned by a photolithog-
raphy or the like to provide or form a semiconductor pattern.
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At least a portion of the semiconductor pattern may be
doped with impurities. In an embodiment, the semiconduc-
tor pattern may be doped with p-type impurities such as
boron or the like. However, embodiments are not limited
thereto. In an embodiment, for example, the semiconductor
pattern may be doped with n-type impurities such as phos-
phor, arsenic or the like. In an embodiment, for example, the
semiconductor may have different concentrations of the
n-type impurities in different portions.

In an embodiment, for example, the semiconductor pat-
tern may be doped by using a first gate metal pattern or a
photoresist pattern which 1s on the first gate metal pattern as
a mask, after the first gate metal pattern 1s provided or
formed on the first insulation layer 120.

As a result, a portion of the semiconductor pattern which
does not overlap the first gate metal pattern, may be doped
with the impurities to form a doped region. In an embodi-
ment, for example, the active pattern AP as a doped semi-
conductor pattern may include a first channel region C1
overlapping or corresponding to the first gate electrode GE1
and a second channel region C2 overlapping or correspond-
ing to the second gate electrode GE2. The doped portion of
the active pattern AP may define a source region and a drain
region. In an embodiment, for example, the active pattern
AP may include a first source region S1, a first drain region
D1, a second source region S2 and a second drain region D2,
which are adjacent to the first channel region C1 and the
second channel region C2. However, embodiments are not
limited thereto. In an embodiment, for example, the active
pattern AP may include at least three channel regions, at
least three source regions and at least three drain regions
depending on a configuration of a pixel circuit of the pixel
areca PX. The pixel circuit may include a gate electrode, a
source electrode and a drain electrode together with the
active pattern AP, without being limited thereto. In an
embodiment, a pixel circuit may include 1 order from the
base substrate 110, an active pattern AP, a first gate metal
pattern corresponding to the active pattern AP, and a second
gate metal pattern.

The first mnsulation layer 120 may include an inorganic
matenal (e.g., first inorganic insulation layer), and may have
a single-layered structure or a multiple-layered structure. In
an embodiment, for example, the first mnsulation layer 120
may include silicon oxide, silicon nitride, silicon oxynitride
or a combination thereof. Furthermore, the first insulation
layer 120 may include an isulating metal oxide such as
aluminum oxide, tantalum oxide, hatnium oxide, zirconium
oxide, titanium oxide or a combination thereof. In an
embodiment, the first sulation layer 120 may include
silicon oxide. The first insulation layer 120 may be referred
to as a first gate insulation layer.

In an embodiment, for example, a first gate metal layer 1s
provided or formed on the first insulation layer 120, and then
patterned to provide or form the first gate metal pattern
including the first gate electrode GE1 and the second gate
clectrode GE2. A second 1nsulation layer 130 1s provided or
formed on the first gate metal pattern. A second gate metal
layer 1s provided or formed on the second insulation layer
130, and then patterned to form a second gate metal pattern
including a capacitor pattern CP (e.g., capacitor electrode).
A third 1nsulation layer 140 1s provided or formed on the
second gate metal pattern.

The first and second gate metal layers may each include
a metal, a metal alloy, a metal nitride, a conductive metal
oxide or the like. In an embodiment, for example, the first
and second gate metal layers may each include gold (Au),
silver (Ag), aluminum (Al), copper (Cu), nickel (IN1), plati-
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num (Pt), magnestum (Mg), chromium (Cr), tungsten (W),
molybdenum (Mo), titanium (11), tantalum (Ta) or an alloy
thereol, and may have a single-layered structure or a mul-
tiple-layered structure including different metal layers.

In an embodiment, for example, at least a portion of the
capacitor pattern CP may define a capacitor electrode of a
storage capacitor. The second gate metal pattern may further
include a signal wiring through which 1s transferred an
clectrical signal such as an 1nitialization signal, a shielding
pattern or the like.

The second and third insulation layers 130 and 140 may
cach include an morganic matenal (e.g., second inorganic
insulation layer and third inorganic insulation layer), and
may have a single-layered structure or a multiple-layered
structure. In an embodiment, for example, the second and
third insulation layers 130 and 140 may each include silicon
oxide, silicon mitride, silicon oxynitride or a combination
thereof. Furthermore, the second and third msulation layers
130 and 140 may each include an insulating metal oxide
such as aluminum oxide, tantalum oxide, hainium oxide,
zirconium oxide, titanium oxide or a combination thereof. In
an embodiment, the second 1nsulation layer 130 may include
s1licon nitride, and the third insulation layer 140 may include
a lower layer including silicon oxide and an upper layer
including silicon nitride which 1s further from the base
substrate 110 than the lower layer. The second insulation
layer 130 may be referred to as a second gate insulation
layer, and the third insulation layer 140 may be referred to
as a first interlayer isulation layer.

A first photoresist pattern PR1 1s provided or formed on
the third msulation layer 140. Referring to FIG. 3A, the first
photoresist pattern PR1 may include a first portion A1 and
a second portion A2 which have different thicknesses from
cach other and are both disposed 1n the pixel area PX. In an
embodiment, for example, the second portion A2 may
overlap or correspond to a portion of the active pattern AP.
A second thickness of the first photoresist pattern PR1 at the
second portion A2 may be smaller than a first thickness at
the first portion Al. The first photoresist pattern PR1 may
include an upper surface in both the first portion Al and the
second portion A2 which 1s furthest from the base substrate
110. The upper surface of the first photoresist pattern PR1 at
the second portion A2 may be closer to the substrate than the
upper surface at the first portion Al.

One or more of the above-mentioned layers may extend
from the pixel area PX to the peripheral area PA, the bending
areca BA and the connection area CA. Referring to FIG. 3B,
taken together with FIG. 3A, the barrier layer 112, the bufler
layer 114, the first insulation layer 120, the second insulation
layer 130 and the third insulation layer 140 may be disposed
in the bending area BA.

A solid portion of the first photoresist pattern PR1 may not
be disposed 1n (e.g., may be excluded from) the bending area
BA. In an embodiment, for example, the first photoresist
pattern PR1 may include or define a first opening OP1
overlapping or corresponding to the bending area BA. Thus,
an upper surface of the third insulation layer 140 may be
exposed to outside the first photoresist pattern PR1 at the
bending arca BA.

The first photoresist pattern PR1 having different thick-
nesses may be provided or formed by using hali-tone
light-exposure.

In an embodiment, the barrier layer 112, the bufler layer
114, the first insulation layer 120, the second insulation layer
130 and the third insulation layer 140 may be referred to as
a first 1norganic layer, a second inorganic layer, a third
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inorganic layer, a fourth iorganic layer and a fifth inorganic
layer, respectively, or as mnorganic layers collectively.

Referring to FIG. 4, 1 a first etching process (e.g., first
inorganic layer etching process), the 1norganic layers are
ctched 1n the bending area BA by using the first photoresist
pattern PR1. In an embodiment, for example, the inorganic
layers may be etched by a dry etching process. One or more
of the morganic layers may be etched at a same time (e.g.,
simultaneously), without being limited thereto. In an
embodiment, the method may include at the first opening
OP1, providing by a first mnorganic layer etching process
using the first photoresist pattern PR1 as a first mask, at least
one of the morganic layers in the bending area BA which 1s
ctched.

An etching depth may be adjusted as desired. In an
embodiment, the third insulation layer 140, the second
isulation layer 130 and the first mnsulation layer 120 may be
removed 1n the bending area BA. However, embodiments
are not limited thereto. The removed inorganic layers may be
varied depending on original thicknesses of the inorganic
layers and the etching depth. As related to FIG. 4, for
example, a thickness portion of the first insulation layer 120
may remain in the bending area BA by the etching, or a
thickness portion of the bufler layer 114 may be further
removed in the bending area BA. In an embodiment, for
example, a sum of thicknesses of the removed inorganic
layers 1n the bending area BA may be about 5,000 angstroms
(A) to about 15,000 A. The sum of removed thicknesses may
define an etching depth. The etching depth may be adjusted
depending on an etching depth of a following second etching
process.

Referring to FIGS. 5A and 5B, the first photoresist pattern
PR1 may be partially removed to form a remaiming photo-
resist pattern PR1' as shown by the solid line and dotted
lines. In an embodiment, for example, a thickness portion of
the first photoresist pattern PR1 may be entirely reduced
through an ashing process or the like. As a result, the first
photoresist pattern PR1 at the second portion A2 may be
entirely removed thereby providing or forming a second
opening OP2 (e.g., second remaining openming) which over-
laps or corresponds to a portion of the active pattern AP and
exposes the third isulation layer 140 to outside the first
photoresist pattern PR1. Furthermore, the remaining photo-
resist pattern PR1' includes a first opening OP1 (e.g., first
remaining opening) having a substantially same planar
shape as the first opening OP1 of the first photoresist pattern
PR1.

Referring to FIGS. 6 A and 6B, 1n a second etching process
(e.g., second 1morganic layer etching process), the mnorganic
layers which are firstly etched are further etched in the
bending area BA and the pixel areca PX by using the
remaining photoresist pattern PR1' as a remaining mask. In
an embodiment, for example, the mmorganic layers may be
etched by a dry etching process.

In an embodiment, for example, the bufler layer 114 and
the barrier layer 112 may be removed at the first opening
OP1 1n the bending area BA so that an upper surface of the
base substrate 110 may be exposed outside of the remaining
photoresist pattern PR1', the third insulation layer 140, the
second msulation layer 130, the first insulation layer 120, the
butler layer 114 and the barrier layer 112. Furthermore, the
third 1nsulation layer 140, the second insulation layer 130
and the first mnsulation layer 120 may be removed at the
second opening OP2 1n the pixel area PX thereby forming a
first contact hole CT1 exposing a portion of the active
pattern AP to outside the third insulation layer 140, the
second 1nsulation layer 130 and the first insulation layer 120.
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In an embodiment, the method may include providing by a
second morganic layer etching process using the remaining,
photoresist pattern PR1' as a remaiming mask, both a contact
hole which corresponds to the second opening OP2 and
exposes the portion of the active pattern AP to outside the
remaining photoresist pattern PR1', and a portion of the base
substrate 110 1n the bending area BA which corresponds to
the first remaimng opening and 1s exposed to outside the
remaining photoresist pattern PR1".

In an embodiment, a sum of thicknesses of the removed
inorganic layers in the bending areca BA in the second
ctching process may be less than a sum of thicknesses of the
removed 1norganic layers in the bending area BA 1n the first
etching process. In an embodiment, for example, a sum of
thicknesses of the removed inorganic layers in the bending
arca BA 1n the second etching process may be about 5,000
A to about 10,000 A. In an embodiment, the second inor-
ganic layer etching process using the remaining photoresist
pattern PR1' as the remaining mask includes removing a sum
of morganic layer thicknesses at the first remaining opening,
and the first morganic layer etching process using the first
photoresist pattern PR1 as the first mask includes removing
a sum of 1norganic layer thicknesses at the first opening OP1
which 1s larger than the sum of 1norganic layer thicknesses
at the first remaining opening.

In an embodiment, the morganic layers may be removed
in the bending area BA by using a substantially same mask
(e.g., forms of the photoresist pattern). Thus, side surfaces of
the 1inorganic layers may be substantially continuously con-
nected to each other at a boundary between the bending area
BA and an area which 1s adjacent to the bending area BA
(e.g., the peripheral area PA and the connection areca CA).
Thus, a stacked structure of the morganic layers may form
a straightly extending side surface at the boundary without
a protrusion protruding 1n a lateral direction. The side
surfaces of the morganic layers at the bending area BA may
be coplanar with each other. The side surfaces of the
inorganic layers at the bending area BA may form an internal
angle with respect to the base substrate 110 (e.g., a taper
angle). In an embodiment, for example, a taper angle of the
stacked structure including coplanar side surfaces of the
inorganic layers may be about 70 degrees)(° to about 90° or
about 80° to about 90°. In an embodiment, each of the
inorganic barrier layer, the first inorganic insulation laver,
the second 1norganic 1nsulation layer and the third inorganic
insulation layer extends from the pixel area PX to define
inorganic layers in the peripheral area PA. A portion of the
inorganic layers in the peripheral area PA 1s excluded in the
bending area BA to define a remaining portion the inorganic
layers in the peripheral area PA. The remaining portion of
the morganic layers in the peripheral area PA defines side
surfaces of the morganic layers which are coplanar with and
connected to each other at the boundary of the bending area
BA which 1s formed with the remainder of the peripheral
arca PA. The side surfaces of the inorganic layers form taper
angles with the base substrate 110.

Retferring to FIGS. 7A and 7B, after the remaining pho-
toresist pattern PR1 1s removed, a source metal pattern 1s
provided or formed on the third insulation layer 140. The
source metal pattern may include a source pattern SP (e.g.,
source electrode) and a transfer wiring TL. The source
pattern SP and the transter wiring TL may be 1n a same layer
as each other. The source pattern SP may electrically contact
the active pattern AP through the first contact hole CT1 1n
the pixel area PX. The transfer wiring TL may be disposed
in the bending areca BA. The source metal pattern may
further include a drain pattern electrically contacting the
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drain region of the active pattern AP to transfer an electrical
signal such as a driving voltage to a light-emitting diode as
a light-emitting element in the pixel area PX.

In an embodiment, the source pattern SP may be a power
wiring transferring a power voltage as an electrical signal.
However, embodiments are not limited thereto. In an
embodiment, for example, the source pattern SP may be a
data line transferring a data signal as an electrical signal or
a connection pattern transferring a source signal or source
voltage as an electrical signal.

In an embodiment, for example, a source metal layer 1s
provided or formed on the third insulation layer 140 and then
patterned to form the source metal pattern. In an embodi-
ment, for example, the source metal pattern may include a
metal, a metal alloy, a metal nitride, a conductive metal
oxide or the like. In an embodiment, for example, the source
metal layer may include gold (Au), silver (Ag), aluminum
(Al), copper (Cu), nickel (N1), platinum (Pt), magnesium
(Mg), chromimum (Cr), tungsten (W), molybdenum (Mo),
titanium (11), tantalum (Ta) or an alloy thereof, and may
have a single-layered structure or a multiple-layered struc-
ture including different metal layers.

Referring to FIG. 8A, a fourth mnsulation layer 150 1s
provided or formed to cover the source metal pattern. In an
embodiment, for example, the fourth insulation layer 150
may include an organic insulation material such as a phenol
resin, an acryl resin, a polyimide resin, a polyamide resin, a
siloxane resin, an epoxy resin or the like. The fourth
insulation layer 150 may be referred to as a via insulation
layer or an organic insulation layer.

A first electrode ELL1 of an organic light-emitting diode
200 and a pixel-defining layer PXL. may be provided or
formed on the fourth insulation layer 150.

The first electrode ELL1 may function as an anode of the
organic light-emitting diode 200. In an embodiment, for
example, the first electrode EL1 may be provided or formed
as a transmitting electrode or a retlecting electrode accord-
ing to an emission type of the display device 100. When the
first electrode EL1 1s a transmitting electrode, the first
clectrode ELL1 may include indium tin oxide, indium zinc
oxide, zinc tin oxide, indium oxide, zinc oxide, tin oxide or
the hike. When the first electrode EL1 1s a retlecting elec-
trode, the first electrode EL1 may include gold (Au), silver
(Ag), aluminum (Al), copper (Cu), nickel (Ni1), platinum
(Pt), magnesium (Mg), chromium (Cr), tungsten (W),
molybdenum (Mo), titanium (11) or a combination thereof,
and may have a stacked structure further including the
material that may be used for the transmitting electrode.

The pixel-defining layer PXL may include or define an
opening that exposes at least a portion of the first electrode
ELL1 to outside of the pixel-defimng layer PXL. In an
embodiment, for example, the pixel-defining layer PXL may
include an organic insulation material.

An organic light-emitting layer OL of the organic light-
emitting diode 200 1s provided or formed on the first
clectrode EL1. The organic light-emitting layer OL may
include at least an emission layer, and may further include
at least one of a hole mjection layer (“HIL”), a hole
transporting layer (“HTL”), an electron transporting layer
(“ETL”) and an electron injection layer (“EIL”).

In an embodiment, the organic light-emitting layer OL
may emit a red light, a green light or a blue light. In an
embodiment, the organic light-emitting layer OL may emut
a white light. The organic light-emitting layer OL emitting
a white light may have a multiple-layer structure including
a red-emitting layer, a green-emitting layer and a blue-
emitting layer, or a single-layer structure including a com-
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bination of a red-emitting maternial, a green-emitting mate-
rial and a blue-emitting materal.

In an embodiment, for example, the organic light-emitting
layer OL may be provided or formed by a screen printing
method, an inkjet printing method, a vacuum deposition
method or the like.

A second electrode EL2 of the organic light-emitting
diode 200 1s provided or formed on the organic light-
emitting layer OL. In an embodiment, the second electrode
EL.2 may function as a cathode of the organic light-emitting
diode 200. In an embodiment, for example, the second
clectrode EL2 may be provided or formed as a transmitting
clectrode or a retlecting electrode according to an emission
type of the display device 100. In an embodiment, for
example, when the second electrode EL2 1s a reflecting
clectrode, the second electrode EL2 may include a metal, a
metal alloy, a metal nitride, a metal fluoride, a conductive
metal oxide or a combination thereof.

In an embodiment, for example, the second electrode E1.2
may extend continuously across a plurality of pixel areas PX
in the display area DA. In an embodiment, a capping layer
and/or a blocking layer may be provided or formed on the
second electrode EL2.

Thereatter, an encapsulation layer 210 may be provided or
formed on the organic light-emitting diode 200. The encap-
sulation layer 210 may have a stacked structure of inorganic
thin films 212 and 216 and an organic thin film 214.

In an embodiment, for example, the organic thin film 214
may include a cured polymer resin such as poly(meth)
acrylate, an epoxy resin or the like.

In an embodiment, for example, the morganic thin films
212 and 216 may include silicon oxide, silicon nitride,
silicon oxymitride, aluminum oxide, tantalum oxide, hai-

nium oxide, zirconium oxide, titanium oxide or a combina-
tion thereof.

Referring to FIG. 8B, i filling of the first opening OP1,
a filling member FL. may be provided or formed to cover the
transier wiring TL in the bending area BA and to fill a planar
area from which the inorganic layers are removed. In an
embodiment, for example, the filling member FLL may be
provided or formed in the process of providing or forming
the fourth 1nsulation layer 150 so that the filling member FL
may include a same material as the fourth insulation layer
150. The fourth msulation layer 150 and the filling member
FL may be 1n a same layer as each other. In an embodiment,
at least a portion of the filling member FLL may be provided
or formed in the process ol providing or forming the
pixel-defining layer PXL so that the at least a portion of the
filling member FLL may include a same material as the
pixel-defining layer PXL. That 1s, the filling member F
may be 1n a same layer as the pixel-defining layer PXL.

In an embodiment, as illustrated in FIG. 8C, a filling
member FL including an organic material may be disposed
under a transier wiring TL to fill the first opening OP1. A
protective layer PLL may be further provided or formed to
cover the ftransfer wiring TL. In an embodiment, for
example, the filling member FL. may be provided formed 1n
an individual process, which 1s different from each of the
processes of providing or forming the fourth insulation layer
150 and the pixel-defining layer PXL. The protective layer
PL may be provided or formed in the process of providing
forming the fourth msulation layer 150 or the pixel-defining
layer PXL.

In an embodiment, thickness portions of mnorganic layers
disposed 1n a pixel area PX and 1n a bending area BA may
be removed simultaneously such as through a same photo-
lithography process. Thus, an additional photolithography
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process for individually etching the inorganic layers in the
bending area BA may be omatted.

Furthermore, since a stacked structure of the inorganic
layers may define a coplanar side surfaces at a boundary
between the bending area BA and an area which 1s adjacent
to the bending area BA without a protrusion protruding in a
lateral direction, a size of a peripheral area PA (e.g., a

non-display area) may be substantially reduced.
FIGS.9A,9B,10A,10B, 11A, 11B, 12A, 12B, 13A, 13B,

14A, 14B, 14C, 15A and 15B are cross-sectional views
illustrating an embodiment of a method for providing or
manufacturing a display device 100. FIGS. 9A, 10A, 11A,
12A, 13A, 14A and 15A may show enlarged cross-sectional
areas of a pixel area PX of a display area DA, and FIGS. 9B,
10B, 11B, 12B, 13B, 14B, 14C and 15B may show enlarged
cross-sectional areas of a bending area BA and areas adja-
cent thereto.

Referring to FIGS. 9A and 9B, a barrier layer 112 and a
bufler layer 114 are provided or formed on a base substrate
110.

A first active pattern AP1 and a first insulation layer 120
which covers the first active pattern AP1 are provided or
tformed on the bufler layer 114. A first gate metal pattern
including a first gate electrode GE1 1s provided or formed on
the first msulation layer 120. In an embodiment, the first
active pattern AP1 may include a multi-crystalline silicon
(polysilicon).

In an embodiment, for example, the first active pattern
AP1 may include a first channel region C1 overlapping the
first gate electrode GE1, a first source region S1 and a {first
drain region D1. The first source region S1 and the first drain
region D1 are adjacent to the first channel region C1 at
opposing sides thereol, respectively.

In an embodiment, a first gate metal layer 1s provided or
formed on the first msulation layer 120 and then patterned to
form the first gate metal pattern including the first gate
clectrode GE1. A second insulation layer 132 1s provided or
formed on the first gate metal pattern. A second gate metal
layer 1s provided or formed on the second insulation layer
132 and then patterned to form a second gate metal pattern
including a capacitor pattern CP.

The second gate metal pattern may further include a
bottom gate pattern BP. The capacitor pattern CP and the
bottom gate pattern BP may be 1n a same layer. The bottom
gate pattern BP may overlap a second channel region C2 of
a second active pattern AP2 disposed on the bottom gate
pattern BP. The bottom gate pattern BP may block a light
entering from a lower surface of the second channel region
C2 to reduce or eflectively prevent deterioration of charac-
teristics of a driving element including the second channel
region C2. In an embodiment, for example, a same electrical
signal as a gate signal applied to a second gate electrode
GE2 may be applied to the bottom gate pattern BP.

A third 1nsulation layer 134 1s provided or formed on the
second gate metal pattern. The second active pattern AP2 1s
provided or formed on the third insulation layer 134. A
fourth isulation layer 136 1s provided or formed to cover
the second active pattern AP2. A third gate metal pattern 1s
provided or formed on the fourth insulation layer 136. A fifth
insulation layer 142 1s provided or formed to cover the third
gate metal pattern.

The second active pattern AP2 includes a metal oxide
semiconductor. In an embodiment, for example, the second
active pattern AP2 may include two-component compound
(ABx), ternary compound (ABxCy) or four-component
compound (ABxCyDz), which contains mdium (In), zinc
(Zn), gallilum (Ga), tin (Sn), titantum (11), aluminum (Al),
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hatnium (Hf), zircontum (Zr), magnesium (Mg). For
example, the second active pattern AP2 may include zinc
oxide (ZnOx), gallium oxide (GaOx), titanium oxide (110x),
tin oxide (SnOx), mmdium oxide (InOx), indium-gallium
oxide (IGO), mmdium-zinc oxide (IZ0), mdium tin oxide
(ITO), gallilum zinc oxide (GZO), zinc magnesium oxide
(ZMO), zinc tin oxide (ZT10), zinc zircomum oxide
(ZnZrx0y), imdium-gallium-zinc oxide (IGZ0), indium-
zinc-tin oxide (IZTO), ndium-gallium-hatnium oxide
(IGHO), tin-aluminum-zinc oxide (TAZO), indium-gallium-
tin oxide (1IGTO), or the like.

The third gate metal pattern may include the second gate
clectrode GE2 overlapping or corresponding to the second
channel region C2 of the second active pattern AP2. The
third gate metal pattern may include a substantially same
material as the first gate metal pattern or the second gate
metal pattern.

In an embodiment, for example, an oxide semiconductor
pattern may be provided or formed on the third nsulation
layer 134. The fourth msulation layer 136 may be provided
or formed to cover the oxide semiconductor pattern. The
third gate metal pattern including the second gate electrode
GE2, which partially overlaps the oxide semiconductor
pattern, may be provided or formed on the fourth insulation
layer 136. The oxide semiconductor pattern may be partially
doped by using the second gate electrode GE2 or a photo-
resist pattern on the second gate electrode GE2 as a mask
thereby providing or forming a second source region S2 and
a second drain region D2.

The first insulation layer 120, the second 1nsulation layer
132, the third insulation layer 134, the fourth insulation layer
136 and the fifth mnsulation layer 142 may each include an
inorganic material, and may have a single-layered structure
or a multiple-layered structure. In an embodiment, for
example, the first insulation layer 120, the second insulation
layer 132, the third insulation layer 134, the fourth insulation
layer 136 and the fifth insulation layer 142 may each include
s1licon oxide, silicon nitride, silicon oxynitride or a combi-
nation thereof. Furthermore, the first insulation layer 120,
the second insulation layer 132, the third msulation layer
134, the fourth insulation layer 136 and the fifth insulation
layer 142 may each include an insulating metal oxide such
as aluminum oxide, tantalum oxide, halnium oxide, zirco-
nium oxide, titanium oxide or a combination thereof.

In an embodiment, the first insulation layer 120 may
include silicon oxide. The second insulation layer 132 may
include silicon nitride, and the third insulation layer 134 may
include a lower layer including silicon nitride and an upper
layer including silicon oxide. The fourth insulation layer 136
may include silicon oxide, and the fifth insulation layer 142
may 1nclude a lower layer including silicon oxide and an
upper layer including silicon nitride.

A first photoresist pattern PR1 1s provided or formed on
the fifth insulation layer 142. Referring to FIG. 9A, the first
photoresist pattern PR1 may include a first portion A1 and
a second portion A2 which have different thicknesses and are
disposed in the pixel area PX. In an embodiment, for
example, the second portion A2 may overlap or correspond
to a portion of the second active pattern AP2, and a height
of an upper surface of the first photoresist pattern PR1 at the
second portion A2 from a reference such as the upper surface
of the base substrate 110 may be smaller than a height of an
upper surface of the first photoresist pattern PR1 at the first
portion Al. Furthermore, the first photoresist pattern PR1
may include or define a second opening OP2 which overlaps
or corresponds to a portion of the first active pattern AP1 1n
the pixel area PX.
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Referring to FIG. 9B, the barner layer 112, the bufler
layer 114, the first insulation layer 120, the second insulation
layer 132, the third insulation layer 134, the fourth imnsulation
layer 136 and the fifth insulation layer 142 may each extend
from the pixel areca PX to define a respective extended
portion which 1s disposed 1n the bending arca BA.

A solid portion of the first photoresist pattern PR1 may not
be disposed in the bending area BA. In an embodiment, for
example, the first photoresist pattern PR1 may include or
define a first opening OP1 overlapping the bending areca BA.
Thus, an upper surface of the fifth insulation layer 142 may
be exposed to outside the first photoresist pattern PR1 at the
bending areca BA.

The first photoresist pattern PR1 having different thick-

nesses may be provided or formed by using hali-tone
light-exposure.
In an embodiment, the barrier layer 112, the bufler layer
114, the first insulation layer 120, the second insulation layer
132, the third insulation layer 134, the fourth insulation layer
136 and the fifth msulation layer 142 may be referred to as
a first 1norganic layer, a second inorganic layer, a third
inorganic layer, a fourth inorganic layer, a fifth norganic
layer, a sixth morganic layer and a seventh inorganic layer,
respectively, or mnorganic layers collectively.

Referring to FIGS. 10A and 10B, mn a first etching
process, the morganic layers are etched in the bending area
BA at the first opening OP1 and 1n the pixel area PX at the
second opeming OP2 by using the first photoresist pattern
PR1 as a first mask. In an embodiment, for example, the
inorganic layers may be etched by a dry etching process.

An etching depth may be adjusted as desired. In an
embodiment, thickness portions of the fifth insulation layer
142 and the fourth insulation layer 136 may be removed 1n
the bending area BA at the first opening OP1 and 1n the pixel
area PX at the second opening OP2. In an embodiment, the
first mnorganic layer etching process using the first photore-
sist pattern PR1 as the first mask may further provide both
at the first opeming OP1, the bending area BA excluding the
seventh 1norganic layer and the sixth mnorganic layer, and the
seventh 1norganic layer and the sixth iorganic layer
excluded at the second opening OP2. However, embodi-
ments are not limited thereto.

The removed thickness portions of the mnorganic layers
may be varied depending on original thicknesses of the
inorganic layers and/or the etching depth. As related to
FIGS. 10A and 10B, for example, a thickness portion of the
fourth msulation layer 136 may remain in the bending area
BA and 1n the pixel area PX 1nstead of being completely
removed, or a thickness portion of the third msulation layer
134 may be further removed 1n the bending area BA and 1n
the pixel area PX. In an embodiment, for example, a sum of
thicknesses of the removed portions of the mnorganic layers
in the above first etching process may be about 4,000 A to
about 10,000 A. The etching depth may be adjusted depend-
ing on an etching depth of a following second etching
process.

Referring to FIGS. 11A and 11B, the first photoresist
pattern PR1 may be partially removed to form a remaining
photoresist pattern PR1'. In an embodiment, for example, a
thickness portion of the first photoresist pattern PR1 may be
entirely reduced through an ashing process or the like. As a
result, the first photoresist pattern PR1 at the second portion
A2 may be entirely removed thereby providing or forming,
a third opening OP3, which overlaps a portion of the second
active pattern AP2 and exposes the fifth insulation layer 142
to outside the remaining photoresist pattern PR1'. The
remaining photoresist pattern PR1' may include or define a
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first opening OP1 and a second opening OP2, which have a
substantially same planar shape as the first opening OP1 and
the second opening OP2 of the first photoresist pattern PR1.
In an embodiment, the remaining photoresist pattern PR1’
may define a {irst remaining opening corresponding to the
first opening OP1 1n the bending area BA, a second remain-
ing opening corresponding to the second opening OP2 1n the
pixel area PX, and a third opening OP3 which corresponds
to a portion of the second active pattern AP2 1n the pixel area
PX and extends to the mnorganic layers 1n the pixel area PX.

Referring to FIGS. 12A and 12B, 1 a second etching
process, the inorganic layers which are first etched are
turther etched at the first opening OP1, the second opening
OP2 and the third opening OP3 1n the bending area BA and
in the pixel area PX by using the remaining photoresist
pattern PR1' as a remaining mask. In an embodiment, for
example, the morganic layers may be etched by a dry etching
process.

In an embodiment, for example, the third insulation layer
134, the second insulation layer 132 and the first insulation
layer 120 may be completely removed in the bending area
BA at the first opening OP1, and at least a portion of the
bufler layer 114 may be further removed. However, embodi-
ments are not limited thereto. In an embodiment, for
example, an etching depth may be increased to further
remove at least a portion of the barrier layer 112.

Furthermore, the third msulation layer 134, the second
insulation layer 132 and the first insulation layer 120 may be
removed 1n the pixel area PX at the second opening OP2 to
form a first contact hole CT1 exposing a portion of the first
active pattern AP1 to outside the remaining photoresist
pattern PR1', the fifth insulation layer 142, the fourth 1nsu-
lation layer 136, the third insulation layer 134, the second
insulation layer 132 and the first insulation layer 120.

Furthermore, the fifth insulation layer 142 and the fourth
insulation layer 136 may be removed 1n the pixel area PX at
the third opening OP3 to form a second contact hole CT2
exposing a portion of the second active pattern AP2 to
outside the remaiming photoresist pattern PR1', the fifth
insulation layer 142 and the fourth insulation layer 136. In
an embodiment, the method may further include providing
by a second inorganic layer etching process using the
remaining photoresist pattern PR1' as a remaining mask,
cach of at least one of the inorganic layers at the first
remaining opemng which 1s etched to define remaiming
inorganic layers in the bending area BA, a first contact hole
CT1 which corresponds to the second opening OP2 and
exposes the first active pattern AP1 to outside the remaining
photoresist pattern PR1', and a second contact hole CT12
which corresponds to the third opening OP3 and exposes the
second active pattern AP2 to outside the remaining photo-
resist pattern PR1".

Referring to FIGS. 13A and 13B, after the remaining
photoresist pattern PR1' 1s removed, a first source metal
pattern 1s provided or formed on the fifth insulation layer
142.

The first source metal pattern may include a first drain
pattern DP1 (e.g., first drain electrode), a source pattern SP
and a second drain pattern DP2 (e.g., second drain elec-
trode). The first drain pattern DP1 may electrically contact
the first active pattern AP1 at or through the first contact hole
in the pixel area PX. The source pattern SP and the second
drain pattern DP2 may electrically contact the second active
pattern AP2 at or through the second contact hole C12 in the
pixel area PX.

In an embodiment, for example, the first drain pattern
DP1 may electrically contact the first drain region D1 of the
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first active pattern AP1 to transfer a driving voltage to a
light-emitting diode. In an embodiment, for example, the
source pattern SP may transier a source signal such as an
initialization voltage as an electrical signal. In an embodi-
ment, for example, the second drain pattern DP2 may be
clectrically connected to the first gate electrode GE1 or the
first drain region D1.

The first source metal pattern may further include a first
transier pattern TP1 and a second transfer pattern TP2. The
first transier pattern TP1 may be disposed 1n a connection
area CA. The second transfer pattern TP2 may be disposed
in a peripheral area PA. The first transfer pattern TP1 in the
connection area CA may transier a driving signal or a power
voltage as an electrical signal to a transfer wiring TL
provided or formed in the bending area BA. The second
transier pattern TP2 1n the peripheral area PA may transier
a driving signal or a power voltage as an electrical signal
from the transfer wiring TL 1n the bending area BA to the
pixel areca PX 1n the display area DA.

In an embodiment, for example, a first source metal layer
1s provided or formed on the fifth insulation layer 142. A
second photoresist pattern PR2 1s provided or formed on the
first source metal layer. The second photoresist pattern PR2
may have a planar shape corresponding to the first source
metal pattern. Thus, the second photoresist pattern PR2 may
not be disposed 1n (e.g., 1s excluded from) the bending area
BA.

The first source metal layer 1s etched by using the second
photoresist pattern PR2 as a second mask to provide or form
the first source metal pattern. In an embodiment, the first
source metal layer may be etched by a dry etching process.
The first drain pattern DP1, the source pattern SP, the second
drain pattern DP2, the first transier pattern TP1 and the
second transier pattern TP2 may be 1n a same layer as each
other.

Referring to FIG. 13B, when the first source metal layer
1s etched, the morganic layers remaining 1n the bending area
BA may be further etched. In an embodiment, for example,
after the first source metal layer 1s removed 1n the bending
arca BA, at least a portion of the thickness of the barrier
layer 112 may be removed by over-etching. The over-
ctching (time) may be increased to enftirely remove the
barrier layer 112 in the bending area BA. However, the
over-etching 1s performed such that damage of the fifth
insulation layer 142 1n the pixel area PX i1s prevented or
mimmized. In an embodiment, for example, an etching
depth of the mmorganic layers by the over-etching may be
about 1,000 A to about 3,000 A.

Referring to FIGS. 14A and 14B, the second photoresist
pattern PR2 1s removed, and a sixth insulation layer 152 1s
provided or formed to cover the first source metal pattern.
The sixth insulation layer 152 may include an organic
insulation material such as a phenol resin, an acryl resin, a
polyimide resin, a polyamide resin, a siloxane resin, an
epoxy resin or the like. The sixth insulation layer 152 may
be referred to as a first via insulation layer or a first organic
insulation layer.

A filling member FLL may be provided or formed 1in the
bending area BA to {ill an area where the 1norganic layers are
removed. In an embodiment, the first organic insulation
layer may define the filling member FL which fills an
entirety of an area from which the portion of the remaining
inorganic layers 1s removed 1n the bending area BA. The
filling member FLL may include an organic material. In an
embodiment, for example, the filling member FLL may be
provided or formed 1n the process of providing or forming
the sixth msulation layer 152 so that the filling member FL
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may include a same material as the sixth msulation layer
152. The sixth msulation layer 152 and the filling member
FL may be 1n a same layer as each other.

A second source metal pattern 1s provided or formed on
the sixth insulation layer 152. In an embodiment, for
example, the second source metal pattern may include a
connection electrode CE celectrically contacting the {first
drain pattern DP1 at a contact hole 1in the sixth insulation
layer 152. Furthermore, the second source metal pattern may
turther include a power wiring PW which transiers a power
voltage as an electrical signal. In an embodiment, for
example, the second source metal pattern may include a
same material as the first source metal pattern.

Referring to FIG. 14B, the second source metal pattern
may further include a transfer wiring TL disposed in the
bending area BA. The transfer wiring TL may be disposed
on the filling member FL, and may be electrically connected
to the transier patterns TP1 and TP2 respectively disposed in
the connection area CA and the peripheral area PA.

Retferring to FIG. 14B, a portion of the barrier layer 112
may remain 1n the bending area BA. However, embodiments
are not limited thereto. Referring to FIG. 14C, for example,
the bending area BA may exclude an entirety of the remain-
ing iorganic layers 1n the bending area BA (e.g., the barrier
layer 112). When the barrier layer 112 1s entirely removed 1n
the bending area BA by the over-etching in the process of
providing or forming the first source metal pattern, the filling
member FLL may contact the base substrate 110. As being in
contact, elements may form an interface therebetween.

Referring to FIG. 15A, a seventh insulation layer 162 1s
provided or formed to cover the second source metal pattern.
The seventh isulation layer 162 includes an organic insu-
lation material. The seventh insulation layer 162 may be
referred to as a second wvia insulation layer or a second
organic insulation layer.

A first electrode ELL1 of an organic light-emitting diode
200 and a pixel-defining layer PXL are provided or formed
on the seventh insulation layer 162. An organic light-
emitting layer OL of the organic light-emitting diode 200 1s
provided or formed on the first electrode ELL1. A second
clectrode EL2 of the organic light-emitting diode 200 1is
provided or formed on the organic light-emitting layer OL.

An encapsulation layer 210 may be formed on the organic
light-emitting diode 200. In an embodiment, for example,
the encapsulation layer 210 may have a stacked structure
including 1norganic thin films 212 and 216 and an organic
thin film 214. In an embodiment, a pixel circuit may include
in order from the base substrate 110, a first active pattern
AP1, a first gate metal pattern corresponding to the first
active pattern AP1, a second gate metal pattern, a second
active pattern AP2 corresponding to the second gate metal
pattern, and a third gate metal pattern.

Retferring to FIG. 15B, a protective layer PL. may be
provided or formed to cover the transfer wiring TL in the
bending areca BA. The protective layer PL. may include an
organic material. In an embodiment, for example, the pro-
tective layer PL may be provided or formed in the process
of forming the seventh insulation layer 162 so that the
protective layer PLL may include a same material as the
seventh 1nsulation layer 162 and may be 1n a same layer as
the seventh 1nsulation layer 162. In an embodiment, at least
a portion of the protective layer PL. may be provided or
formed 1n the process of providing or forming the pixel-
defining layer PXL so that the protective layer PL may
include a same material as the pixel-defimng layer PXL and
may be 1n a same layer as the pixel-defining layer PXL.




US 11,832,471 B2

19

According to embodiments, thickness portions of 1nor-
ganic layers disposed 1n a pixel area PX and 1n a bending
areca BA may be excluded or removed through a same
photolithography process. A remaining thickness portion of
an 1norganic layer may be removed by over-etching 1n a
tollowing etching process. Thus, an additional photolithog-
raphy process for individually etching the mnorganic layers in
the bending area BA may be removed.

Embodiments may be applied to various display devices.
One or more embodiment may be applied to vehicle-display
device, a ship-display device, an aircraft-display device, a
portable communication device, display devices for display
or for information transfer, a medical-display device, etc.

The foregoing 1s i1llustrative of embodiments and 1s not to
be construed as limiting thereof. Although embodiments
have been described, those skilled in the art will readily
appreciate that many modifications are possible i the
embodiments without materially departing from the novel
teachings and features of the invention. Accordingly, all
such modifications are intended to be included within the
scope of the invention. Therefore, it 1s to be understood that
the foregoing 1s illustrative of various embodiments and 1s
not to be construed as limited to the specific embodiments
disclosed, and that modifications to the disclosed embodi-
ments, as well as other embodiments, are intended to be
included within the scope of the invention, as set forth 1n the
following claims and equivalents thereof.

What 1s claimed 1s:

1. A method for providing a display device, the method
comprising;

providing a base substrate including a bending area at

which the base substrate 1s bendable and a display area

including a pixel area;

providing 1n the pixel area:

a pixel circuit comprising i order from the base
substrate, an active pattern, a first gate metal pattern
corresponding to the active pattern, and a second
gate metal pattern;

a first morganic layer and a second inorganic layer
between the base substrate and the active pattern;

a third 1norganic layer between the active pattern and
the first gate metal pattern;

a fourth 1norganic layer between the first gate metal
pattern and the second gate metal pattern; and

a fifth morganic layer covering the pixel circuit,

wherein each of the first to fifth morganic layers in the
pixel area extends to the bending area to define
inorganic layers in the bending area;

providing a first photoresist pattern on the fifth mnorganic

layer 1n both the pixel area and the bending area, the
first photoresist pattern defining a thickness portion
covering the fifth inorganic layer in the pixel area
together with a first opening corresponding to the
bending area, wherein the first opening extends to the
iorganic layers in the bending area;

providing by a first 1norganic layer etching process using

the first photoresist pattern as a first mask, providing at
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least one of the morganic layers in the bending area
which 1s etched at the first opeming together with the
pixel circuit remaining covered by the fifth inorganic
layer;
providing a remaiming photoresist pattern by reducing a
thickness of the first photoresist pattern in both the
pixel area and the bending area, the remaining photo-
resist pattern defining a first remaining opening corre-
sponding to the first opening in the bending area
together with a second opening which corresponds to
the active pattern in the pixel area, the second opening
exposing the fifth morganic layer covering the pixel
circuit to outside the remaining photoresist pattern; and

providing by a second inorganic layer etching process
using the remaining photoresist pattern as a remaining
mask, a contact hole which corresponds to the second
opening and exposes the portion of the active pattern to
outside the remaining photoresist pattern, together with
providing a portion of the base substrate in the bending
areca which corresponds to the first remaining opening,
and 1s exposed to outside the remaining photoresist
pattern.

2. The method of claim 1, wherein the first to fifth
iorganic layers each includes at least one of silicon oxide,
silicon nitride and silicon oxynitride.

3. The method of claim 1, wherein the providing of the at
least one of the inorganic layers in the bending area which
1s etched includes providing the bending area excluding each
of the fifth mnorganic layer, the fourth inorganic layer and the
third morganic layer.

4. The method of claim 1, wherein the providing of the at
least one of the 1norganic layers in the bending area which
1s etched includes providing the bending area excluding each
of the fifth morganic layer, the fourth inorganic layer, the
third morganic layer and a portion of the second 1norganic
layer.

5. The method of claim 1, wherein

the second inorganic layer etching process using the

remaining photoresist pattern as the remaining mask
includes removing a sum of inorganic layer thicknesses
at the first remaining opening, and
the first morganic layer etching process using the first
photoresist pattern as the first mask includes removing
a sum of 1norganic layer thicknesses at the first opening,
which 1s larger than the sum of 1norganic layer thick-
nesses at the first remaining opening.
6. The method of claim 1, further comprising providing:
in the pixel area, a source pattern which 1s electrically
connected to the active pattern at the contact hole, and

in the bending area, a transfer wiring through which an
clectrical signal 1s provided to the pixel area from
outside the bending area.

7. The method of claim 1, wherein the active pattern
includes polysilicon.
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